Objective To investigate if acute exacerbation of chronic obstructive pulmonary disease (AECOPD) is associated with myocardial injury, expressed as elevated high sensitive cardiac troponin T (hs-cTnT), and to identify determinants of hs-cTnT in chronic obstructive pulmonary disease (COPD) patients. Design In a cross-sectional study, hs-cTnT in patients hospitalised for AECOPD was compared with hs-cTnT in COPD patients in their stable state. Setting The study was conducted at a teaching and a pulmonary rehabilitation clinic. Participants Consecutive admissions to participating units for the years 2010-2011 meeting objective, standardised criteria for AECOPD and stable COPD. Main outcomes Ratio of hs-cTnT in hospitalised AECOPD patients compared with stable COPD patients. Change in the ratio of hs-cTnT per unit increase of relevant covariables. Results The geometric mean of hs-cTnT in the index group was 25.8 ng/l (95% CI 21.1 to 31.7) compared with 4.55 ng/l (95% CI 3.72 to 5.67) in the reference group. After inclusion of relevant covariables, multiple linear regression analyses showed that the ratio between hs-cTnT in AECOPD patients and the references was 4.26 (95% CI 3.02 to 6.00) and that hs-cTnT increased 1.41-fold (95% CI 1.20 to 1.68), for each quartile increase in leucocyte count in stable COPD but not in AECOPD. Higher hs-cTnT levels were also associated with the presence of pathological q-waves ( p=0.012) and electrocardiographic left ventricular hypertrophy ( p=0.039), long-term oxygen treatment ( p=0.002) and decreasing forced expiratory volume in 1 s ( p=0.014). A significant univariable association between cTnT and arterial hypoxaemia was also found but this association was attenuated almost to a zero effect after inclusion of relevant covariates. Conclusions AECOPD is associated with higher hscTnT as compared with stable COPD. In stable COPD, hs-cTnT appears to be positively associated with indices of COPD severity, whereas we were unable to identify significant determinants of hs-cTnT in AECOPD.
Chronic obstructive pulmonary disease (COPD) is characterised by airflow limitation that is not reversible and is usually progressive. 1 In the majority of the patients, the disease is accompanied with chronic respiratory symptoms, foremost dyspnoea, cough and phlegm. A large proportion of the patients have considerable comorbidity that frequently has significant consequences for the morbidity as well as the mortality of the patients. 2 These comorbidities include osteoporosis, lung cancer and cardiovascular diseases, among others. Some patients experience periods with worsening of symptoms, foremost increased dyspnoea, that are frequently accompanied with acute respiratory failure needing treatment in hospital. Such periods are called acute exacerbation of COPD (AECOPD). 3 4 It has been found that a considerable number of patients who are hospitalised for AECOPD have elevated cardiac troponin. [5] [6] [7] Troponin is a protein that is bound to the actin filaments of myocytes. 8 9 Troponin can be divided into three subclasses: troponin C, I and T. Troponin I and T that are specific for the cardiac myocytes and are often referred to as cardiac troponin, whereas troponin C is found in skeletal muscles. Thus, elevated levels of cardiac troponin T (cTnT) or cardiac troponin I in peripheral blood are regarded as a marker of myocardial injury, including myocardial infarction. However, elevated cTnT (or cardiac troponin I) has been observed in several other settings than acute myocardial infarction, such as septicaemia and pulmonary embolism. [10] [11] [12] [13] Usually, such elevated levels of troponin are associated with increased mortality.
In patients hospitalised for AECOPD, elevated levels of troponin are associated with increased mortality. 5 6 14 15 It has been found that the level of cTnT in AECOPD is associated with increased heart rate and creatinine. 16 17 It is, however, not known if the troponin level is associated with AECOPD or any other index of the severity of the disease. Hence, in the current study we have compared cTnT in patients hospitalised for AECOPD with cTnT in COPD patients in their stable state. In both groups, we had spirometry results during stable periods.
The objective of the study was twofold. We wanted to investigate: (1) if cTnT was higher with AECOPD than stable COPD and (2) the association between cTnT and indices of COPD severity.
MATERIALS AND METHODS
All the patients had COPD confirmed by spirometry in their stable state within the last 5 years. If reversibility test was not available, the diagnosis was clinically confirmed by a chest physician. Moreover, all the patients were between 40 and 79 years old and they should have a cumulative tobacco consumption of 10 pack-years or more (1 pack-year: 20 cigarettes daily for 1 year). Both current smokers and former smokers were included. They completed a questionnaire about respiratory symptoms, comorbid conditions and smoking history. In addition, they also completed a COPD Assessment Test questionnaire. 18 ▸ http://dx.doi.org/10.1136/ heartjnl-2012-302969
They gave written consent, and the study was approved by the Regional Ethics Committee.
INDEX GROUP (AECOPD, N=50)
The index group consisted of patients hospitalised for AECOPD at the Akershus University Hospital from February 2010 to December 2011. They should have performed spirometry at the hospital out-clinic within the last 5 years before admittance (median, 10 and 90 percentiles: 8, 3 and 36 months). Blood samples (haemoglobin, peripheral leucocytes, creatinine and cTnT), arterial blood gases and blood pressure were measured on admittance in the emergency room. An ECG was recorded simultaneously. Heart rate was obtained from the ECG. Patients were enrolled in the study on the 3rd to 5th day after admittance. At the day of inclusion, patients were weighted and completed the questionnaires. Characteristics of the index group are shown in table 1.
REFERENCES (STABLE COPD, N=124)
The references were recruited at a lung rehabilitation hospital (the Glittre Clinic). The day after admittance to the hospital, peripheral venous blood and arterial blood gases were sampled. Pulmonary function tests were also carried out on the second day and they completed the questionnaires. Roche (stable COPD). This is a high sensitive method for cTnT (hs-cTnT); that is, the detection limit is 3.0 ng/l. In the reference group, 99th percentile was 14 ng/l in accordance with others. 9 The lowest level with 10% coefficient of variation was 13 ng/l.
MEASUREMENTS

STATISTICAL ANALYSES
The statistical analyses were performed in three steps. First, we investigated the association between COPD and the relevant covariables. In these analyses, we used Student t test to investigate the univariable difference between continuous variables in the index group and the reference group and χ 2 test to compare univariable relationships between categorical variables in each group. Second, we investigated the univariable association between hs-cTnT and relevant covariables. In these analyses, the dependent variable was expressed as log-transformed hs-cTnT (ln(hs-cTnT)) using ordinary least square regression (continuous covariables) and Student t test for dichotomous covariables. Continuous explanatory variables were categorised in quartiles. Pearson's correlation analyses were also performed in order to investigate the association between relevant continuous determinants of hs-cTnT.
Third, covariables that were associated with COPD or hs-cTnT with a corresponding p value <0.2 were included in a multiple linear regression model using the log-transformation of hs-cTnT as the dependent variable. The following variables were included in these analyses as explanatory variables in addition to AECOPD: gender, age, body mass index, smoking habits (ie, current smoking (yes/no) and cumulative tobacco consumption ( pack-years)), heart rate, history of arterial hypertension or coronary artery disease (ie, previous myocardial infarction, cardiac artery bypass surgery or percutaneous coronary intervention), long-term oxygen treatment, ECG features (ie, atrial fibrillation, Q-wave T-wave inversion, left bundle branch block), spirometry (ie, forced vital capacity (FVC), forced expiratory volume in 1 s (FEV 1 ), FEV 1 to FVC ratio), arterial blood gases (O 2 and CO 2 ), haemoglobin, blood leucocytes, CRP (in stable COPD: hs-CRP), creatinine and AECOPD (yes vs no). If hs-cTnT was lower than the detection limit it was replaced by 1.5 ng/l (50% of the detection limit). Symptoms were recorded using a validated questionnaire. 18 Finally, the model was reduced by backward elimination as follows: the covariables that were associated with ln(hs-cTnT) with a p value <0.1 were removed from the model one by one provided that the association between ln(hs-cTnT) and AECOPD did change <20% after the removal of each covariable. Gender and age were withheld in the model regardless of the corresponding p value. The coefficients in the final model were antilogged. These antilogged coefficients can be interpreted as the ratio between hs-cTnT and one unit increase of the corresponding covariable.
The analyses were performed using the statistical software Stata V.11.2 (http://www.stata.com).
RESULTS
The geometric mean of hs-cTnT and the corresponding 95% CI (in parentheses) in the index group and the references were 25.8 (21.1 to 31.7) ng/l and 4.55 (3.72 to 5.67) ng/l, respectively. The crude ratio of hs-cTnT between the AECOPD patients and the stable COPD patients was 5.67 (4.09 to 7.86). A doseresponse relationship between hs-cTnT and FEV 1 as per cent of predicted was also indicated (figure 1). Results of the univariable analyses between hs-cTnT and several variables are shown in table 2A,B. Although only the spirometry variables had a correlation coefficient larger than 0.60, several of the covariables were mutually confounded. Consequently, many of the covariables that showed a highly significant univariate association with hs-cTnT turned out to be non-significant in the multivariable regression model. Except from the spirometry results, the correlations between the covariables were moderate and did not cause cumbersome challenges in the multivariate analyses. Thus, the final model should be considered robust.
The results of the multivariable analyses are shown in table 3. In the total cohort, hs-cTnT was lower in female subjects compared with male subjects ( p=0.068; ie, a trend towards borderline significance). Moreover, hs-cTnT was significantly higher in patients having q-waves or left ventricular hypertrophy in their ECG as well as in patients with long-term oxygen treatment than their counterparts. A significant increase in hs-cTnT with decreasing FEV 1 was found. The association between creatinine and hs-cTnT was of borderline significance in the total cohort but significant in stable COPD patients ( p=0.028). Foremost, it was 4.26-fold higher in AECOPD patients than the references (table 3) . Interestingly, we found a highly significant increase in hs-cTnT with increasing peripheral leucocyte count (p<0.001) in the references but not in AECOPD group ( p=0.585). Briefly, in the index group we did not find any significant association between hs-cTnT and the covariables in the final model. Neither Figure 1 Geometric mean of highly sensitive troponin T (hs-cTnT) by forced expiratory volume in 1 s (FEV 1 ) as % of predicted. hypoxaemia nor history of coronary heart disease was significantly associated with hs-cTnT. Also, the association between hs-cTnT and chest pain was non-significant. There was no association between hs-CRP and hs-cTnT in stable COPD patients or CRP and hs-cTnT in AECOPD even after replacing leucocytes with hs-CRP/CRP in the multivariate analyses. Moreover, the relationship between IL-6 and hs-cTnT in stable COPD was non-significant ( p=0.290). The final model resulted in R-squared adjusted of 58.0%, that is, a fairly good fit to the data. F-statistic for heteroskedasticity revealed p=0.298.
DISCUSSION
In this study, we have found that AECOPD is associated with significant elevation of troponin T measured by a highly sensitive assay. Moreover, we found that in stable COPD hs-cTnT increased with decreasing pulmonary function (FEV 1 ), increasing peripheral blood leucocyte count and serum creatinine. Long-term oxygen treatment and left ventricular hypertrophy were also associated with significantly elevated hs-cTnT. Among the AECOPD patients we did not find similar associations between hs-cTnT and any of these covariables. These results may have several explanations, such as acute coronary syndrome, pulmonary embolism or acute heart failure, as all these disorders have symptoms that can mimic AECOPD.
However, we found no association between retrosternal chest pains and hs-cTnT and the prevalence of T-wave inversion did not differ between the groups. Furthermore, none of the patients were diagnosed with myocardial infarction at discharge from the hospital. Nonetheless, non-ST elevation myocardial infarction cannot be excluded as undiagnosed subendocardial infarction has been found in autopsies of patients who have died in hospital during AECOPD. 21 Thus, the possibility of atherosclerotic myocardial infarction in COPD patients hospitalised for worsening of symptoms warrants further investigation. As we found a highly significant positive association between hs-cTnT and the prevalence of q-waves as well left ventricular hypertrophy, the results from echocardiography and MRI would be desirable.
The prevalence of pulmonary embolism and congestive heart failure is also elevated in COPD patients and the symptoms of these disorders may mimic AECOPD. 22 23 None of the patients in the index group were diagnosed with pulmonary embolism or acute congestive heart failure.
Type 2 myocardial infarction due to hypoxaemia should also be considered. 24 Actually, we found a strong positive univariable relationship between hs-cTnT and arterial oxygen tension. Nonetheless, this association was markedly attenuated after inclusion of AECOPD to the model. We have previously failed to find any association between troponin T and arterial hypoxaemia in AECOPD patients at admittance to the hospital. 25 26 Admittedly, the lack of association between hypoxaemia and elevated hs-cTnT could be confounded by AECOPD. Thirty of the patients among the references had arterial O 2 tension less than 8.0 kPa. Thus, it is unlikely that the imbalance between the groups regarding oxygen tension should confound the relationship between hs-cTnT and arterial oxygen tension noteworthy. However, this observation could have several pitfalls, such as oxygen supplementation during transportation to the hospital. Nonetheless, it is remarkable that any real association should be distorted to the null effect as nearly 50% of the AECOPD patients had arterial P CO2 , 8:0 kPa on admittance to the hospital. In stable COPD, we found a strong and consistent association between elevated hs-cTnT and leucocyte count, long-term oxygen treatment and decreasing FEV 1 ; that is, indices of systemic inflammation and COPD severity. It appears that this effect is not mediated by CRP or IL-6 as the multivariate analyses did not show any evidence of an association between these two inflammatory markers and hs-cTnT even if we removed leucocytes from the model. In the stable state, there is a strong relationship between inflammatory markers in sputum and peripheral blood as well as pulmonary function tests. 27 In AECOPD this association is, however, attenuated. 28 29 The main limitation of this study is the cross-sectional design. Hence, none of relationships between hs-cTnT and the explanatory variables can be interpreted causally. Moreover, the small sample size, for example, the results could be attributed to sampling error. This explanation is, however, unlikely as the distribution variables like age, gender and smoking habits are fairly comparable with other studies of AECOPD. 7 15 27 CONCLUSIONS Troponin T was significantly elevated in COPD patients hospitalised for exacerbation compared with stable COPD. In the stable state, elevated troponin T was associated with increasing leucocyte count and decreasing FEV1. The determinants for troponin elevation during AECOPD remain, however, unknown.
